Introduction: Peritonitis is the main cause of morbidity and dropout from peritoneal dialysis (PD) program. Objectives: We aimed to determine risk factors predisposing to PD-associated peritonitis. Patients and Methods: As a retrospective cohort research, on 235 PD individuals with 4277 patientmonths of follow up, 170 episodes of peritonitis was reported in 93 patients. Data were extracted from medical records using a template. Standard as well as zero-inflated negative binominal regression was used to model the association between patients' characteristics and the peritonitis rate. Cox-proportional hazard (PH) adjusted model was used to determine the effect of factors on the peritonitis-free survival. Results: With a mean (SD) body mass index (BMI) of 18.7(3.4) kg/m2, 109 (46.4%) of them were male. With a median (95% CI) follow-up time of 19 (16 to 36) months, the rate of peritonitis was 0.48 episode per patient-year. The most common micro-organism detected was coagulase-negative staphylococci (n=54; 31.7%). The only variable which was associated with a higher rate of peritonitis was BMI (rate ratio [RR]: 1.07; 95% CI 1.01 to 1.14; P value=0.031). Comparing to patients with lower education, patients with higher than elementary school of education had higher peritonitisfree survival (with hazard ratio [HR]=0.51; 95%CI 0.33-0.79, P value=0.003) and higher chance of having no peritonitis [odds ratio (OR):1.97; 95% CI 1.08 to 3.59; P value=0.029]. Conclusion: Peritonitis is still a major concern in PD patients. BMI was a risk factor for higher peritonitis rate. Higher education level was associated with lower peritonitis-free survival and higher chance of having no peritonitis.
Introduction
Renal replacement therapy is performed by several methods around the world, including renal transplantation, intermittent hemodialysis (HD), and peritoneal dialysis (PD) (1) . There are studies which have demonstrated the advantages of PD over HD and have introduced PD as the first-line established choice for renal replacement (2, 3) .
The use of PD and its different modalities vary in different countries and is reported to have a significant difference between developed and developing countries (4) . It has been reported that PD patients represent around 11% of all dialysis patients worldwide (4) , but and has declined over the years due to modifications in connectors and catheters, implantation techniques, and treatment protocols (9) . Although several studies have identified some predisposing factors such as age, gender, race, co-existing diseases such as type 2 diabetes mellitus, current smoking, nasal carriage of Staphylococcus aureus, and hypoalbuminemia (10) (11) (12) , recent review studies suggest the need for further studies to determine detailed information of causative micro-organisms, risk factors, and proper intervention (13) .
Objectives
Since no studies have assessed of the risk factors predisposing to peritonitis in patients on PD in Iran and even in the Middle East, we aimed to determine the prevalence and incidence of PD-associated peritonitis (PDAP) and the risk factors predisposing patients to peritonitis.
Patients and Methods

All the patients undergoing chronic PD from April 2006
to April 2012 who were referred from health care centers of south provinces of Iran to Emam-Reza clinic PD center, Shiraz, Iran and who were on PD for at least 30 days were included (total eligible sample size; 235). All patients were on chronic ambulatory peritoneal dialysis (CAPD) with glucose-containing solutions. We used two-cuff, swannecked, coiled catheters with mupirocin topical ointment for exit-site care. The patients were from south provinces of Iran.
Data including age, gender, body mass index (BMI), educational level, underlying disease, and duration of PD were extracted from medical records using a template. Those patients who had positive nasal culture for S. aureus (before starting PD) underwent eradication treatment with mupirocin nasal ointment and were considered as nasal S. aureus carriers in this study. The information including the frequency of peritonitis, the fluid culture results, and the timing of peritonitis episodes were recorded. Diagnosis of peritonitis was made according to a generally accepted criteria (9) based on having two of the three following criteria; a) abdominal pain and/or cloudy PD fluid, b) white blood cell count greater than 100 per microliter with more than 50% of polymorphonuclears in the effluent fluid, c) positive fluid culture. PD effluent culture was performed by injection of 10 mL of the fluid into blood culture bottles without prior centrifugation (14) .
Ethical approval
The protocol of the study was approved by the Ethics to the high number of patients with zero peritonitis rates (>60% of the patients), we applied zero-inflated negative binomial (ZINB) regression model as well (15, 16 isolated was coagulase-negative staphylococci (n=54; 31.7%).
As demonstrated in Table 1 , patients with peritonitis had significantly higher rate of hypertension (as an underlying disease) (26.9% versus 15.5%, P = 0.033) and lower educational level (below elementary school 46.2% versus 28.9%, P = 0.007). Mean of BMI had significantly higher value in peritonitis group as well (19.2 kg/m 2 versus 18.2 kg/m 2 , P = 0.044). There was no significant difference in the distribution of age, gender, history of previous HD, and nasal carrier status for S. aureus between patients with and without peritonitis was existed ( Table 1 ).
In terms of the timing of the occurrence of peritonitis, the median (95%CI) time of the first episode of peritonitis was 7 (6 to 11) months (ranging from 1-42 months) and all episodes was 11 (9 to 12) months (ranging from 1-54) after starting PD. Figure 1 shows the peritonitis-free survival curve of the study population which indicates that no peritonitis occurred for 50% of the patients up to the 19 th month of follow up. As shown in Figure 2 , patients with lower levels of education (lower than elementary school) had lower peritonitis-free survival (Log-rank statistic P value=0.003). Considering peritonitis-free survival, the Cox PH model using Breslow method indicated that the only variable associated with lower risk of peritonitis was higher education level (with hazard ratio [HR]=0.51; 95%CI, 0.33-0.79, P = 0.003) ( Table 2) .
The association between patients' characteristics and the peritonitis rate analyzed by standard NB regression analysis as well as ZINB regression analysis with logit link ( 95% CI 1.01 to 1.14; P = 0.031). On the other hand, gender, underlying diseases such as DM, history of HD before PD, and age were not found to be associated with a higher rate of peritonitis. The ZINB regression analysis showed that the education level is the only variable linked to zero peritonitis rate, i.e. patients with higher than elementary school of education have higher chance of having no peritonitis comparing to patients with lower than elementary school of education [odds ratio (OR):1.97; 95% CI 1.08 to 3.59; P = 0.029]. The Vuong test results were significant (P < 0.05), recommending to report findings with the ZINB analyses (Table 3) .
Discussion
This study showed that lower educational level was associated with earlier occurrence and higher BMI was linked to higher rate of PD associated peritonitis. Peritonitis, which is a major concern in the patients on PD, has been reported to involve nearly 40% of the PD population in our study with a rate of one episode per 25.20 patient-months (0.48 per year) which is less than but close to the International Society for Peritoneal Dialysis (ISPD) guideline recommendation of 0.5 episode per year (17) .
The majority of studies reported the average peritonitis rate in the range of every 26 to 34 months for each patient (10, 11, (18) (19) (20) (21) . Although some studies have reported approximately the same incidence to our study, the diversity in PDAP rate might be due to the difference in patients' characteristics and definitions of peritonitis. Unlike our study, most of the others considered not only CAPD patients but also patients on automated PD (10, 11, (19) (20) (21) .
No micro-organism was detected in 25.8% of the performed cultures which is higher than what ISPD guideline recommended and could be explained by inoculation of low amount of effluent on blood-culture bottles without centrifuging large amount (50 mL) of the fluid, due to lack of facility (22) . However, the rate of culture negative peritonitis was lower than what was previously reported to be 55% in Iran by Najafi et al, which could be explained by the different time period (it was between 1995 and 2006) and improved detection of microorganisms in subsequent years (19) .
A few studies have been conducted to identify the risk factors associated with PD peritonitis (23) (24) (25) . They found older age, female gender, smoking, lower educational levels, obesity, black race, and transfer from Predictors of PD associated peritonitis 5 HD to PD as independent risk factors. While BMI and the rate of hypertension were significantly higher and educational level was lower in patients with peritonitis; However, in regression analysis, BMI was the only variable independently associated with higher rate of peritonitis. Few studies examined the impact of BMI on peritonitis rate, among them, there were an Australian and an Indian study which found greater risk of peritonitis in obese patients (23, 24) . Possible mechanisms are higher susceptibility of fat tissues to infection, and a higher rate of residual renal function loss in obese individuals (23, 26) .
By evaluating the impact of different factors on peritonitis-free survival, we found that lower education (lower than elementary school) was associated with earlier occurrence of PDAP. In addition, as the ZINB regression model showed, the odds of having no peritonitis increases in patients with higher education (OR=1.97). Therefore, the education level was the only variable linked to zero peritonitis rate. In our knowledge, there is only one study which explored the effect of educational level on peritonitis-free survival (25) . Consistent with our study, Chern et al found that lower than elementary school level of education was associated with peritonitis-free survival and earlier occurrence of PDAP. Considering the high proportion of patients with lower educational level in our PD population, it is essential to consider these patients as high risks for PDAP and to emphasize the role of training by implementing more comprehensive training programs.
In the present study we not only evaluated the impact of factors on peritonitis rate, but also did an analysis on the peritonitis-free survival which helped us to find factors associated with earlier occurrence of peritonitis. In the best of our knowledge, our study is the first one which applied the ZINB regression model in order to find the factors associated with zero-peritonitis. More study is needed to clarify the role of this model for analyzing PDAP data.
Conclusion
In conclusion, BMI was a risk factor for higher peritonitis rate. Higher education level was associated with lower peritonitis-free survival and higher chance of having no peritonitis. Although the peritonitis rate was less than the ISPD recommendation, it was close to that which necessitates the need for reviewing our protocols as well as more attention to patient training particularly in patients with higher BMI and lower educational level. Because the number of patients who have never experienced peritonitis was excessive, ZINB regression model should be considered when analyzing PDAP data.
Limitations of the study
Among the limitations of this study, we can name the possibility of incomplete records with respect to collecting some of the data from medical records of patients. In Table 3 . The association between patients' characteristics and the peritonitis rate analyzed by standard NB regression analysis (expressed by RR) as well as ZINB regression analysis with logit link (expressed by OR) The Vuong test results were significant (P<0.05), recommending to report findings with the ZINB analyses. b P value <0.05 is considered significant.
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